A B S T R A C T A study was undertaken of patients on a regimen of total parenteral nutrition comparing the nitrogen balance, energy substrates, blood amino acids, immunoreactive insulin, and immunoreactive glucagon levels during the sequential infusion of nonprotein calories as either glucose alone (glucose system) or 83% as Intralipid (Pharmacia Fine Chemicals, Montreal, Canada) and 17% glucose (lipid system). These nonprotein calories were administered with a constant background of amino acids (1 g/kg per day), vitamins, and minerals. Each system was infused for a week at a time and the order of infusion randomized. In some patients whole blood arteriovenous (A-V) levels of amino acids were measured across forearm muscle.
INTRODUCTION
Total parenteral nutrition is the accepted modality for support of malnourished patients in whom gastrointestinal disease prevents adequate oral feeding. Its major aims are protein anabolism, restoration of fluid, electrolyte, vitamin, and trace metal deficiencies, and provision of an exogenous source of nonprotein calories to meet energy requirements. Since the ultimate aims of such parenteral nutrition are the preservation and restoration of essential body tissues, all of which contain protein as an important constituent, it is desirable that the nonprotein calories infused should promote optimal nitrogen retention. The studies of Gamble (1) have led to the use of glucose as the main "protein-sparing" agent. In North America hypertonic glucose is widely employed as the only source of nonprotein calories, the approach introduced by Dudrick et al. (2, 3) . Exogenously infused lipid has also been employed to provide nonprotein calories in total parenteral nutrition (4) (5) (6) , and since available lipid emulsions are isotonic, they have the advantage of being suitable for peripheral infusion. Clinically, the use of lipid has been shown to promote fistula healing and weight gain in patients with inflammatory bowel disease (6) and, in preliminary studies, to promote nitrogen retention to the same extent as glucose
The present study was designed to provide constant nonprotein calories either as glucose or chiefly lipid in isocaloric amounts with a constant background of identical amounts of exogenous amino acid as casein hydrolysate. The two caloric sources were compared sequentially in random order in the same patients.
Such constant infusion of nutrients afforded us the opportunity to study the "fed" steady state, since nitrogen balance became stable during such infusions. To assess the metabolic responses obtained, observations were made of circulating hormones, energy substrates, and amino acids during glucose and lipid infusions. Furthermore the metabolic response of muscle to the infused amino acids was studied by measuring forearm arteriodeep venous differences of amino acids.
Finally total parenteral nutrition with lipid as a major source of nonprotein calories was given for longer periods by peripheral vein to determine whether this approach and route of administration could promote nitrogen retention and clinical improvement and whether it could be tolerated by peripheral vein without side effects.
METHODS

Patients
Patients who were referred to the gastroenterology service of the Toronto General Hospital with inability to achieve adequate nutrition via the oral route were selected for this study (Tables I and II) . Those with hepatic, renal, or cardiac insufficiency, as well as those with insulin-dependent diabetes, were not included in the study. Patients with systemic infections (septicemia) were also excluded, though many had active localized inflammatory and infective processes, generally intra-abdominal. All had experienced a period of protein and caloric malnutrition before study, but this was of variable duration and severity by virtue of the time-course and nature of the diseases involved. In each instance, the nature and purposes of the study were ex- plained to the patient and informed consent was obtained for investigative aspects of the study. Clinical aspects of total parenteral nutrition were supervised in specialized areas of the hospital by a team consisting of gastroenterologists, clinical fellows in gastroenterology, specially trained nurses, and clinical pharmacists. The latter ensured the exact formulation and provision of the infusions. All nutrients were given parenterally and only sips of water or ice were permitted by mouth.
Experimental design
Two main groups of protocols were employed.
PROTOCOL I
In 24 patients (nos. 1-24, Table I ) 27 studies were done. Total parenteral nutrition was provided aseptically through a central venous catheter inserted into the superior vena cava by infraclavicular percutaneous puncture of the subclavian vein. In none of the patients was there evidence of catheter-related sepsis during the study.
All received 1 g/kg of protein as 5%o casein hydrolysate with 5% dextrose (Amigen, Travenol Laboratories, Morton Grove, Ill.). They also received electrolytes (Na, K, Cl, Mg, Ca), vitamins, and trace metals (Zn, Cu, Mn, Cr, and I) in amounts indicated previously (7, 9) . In addition to this basic regimen, which continued throughout the study, the patients were given either 50%o dextrose (referred to as the "glucose system") or 10% Intralipid (Pharmacia Fine Chemicals, Montreal, Canada) (referred to as the "lipid system") to provide nonprotein calories amounting to 40 kcal/kg per day. The glucose system provided all nonprotein calories as glucose. The lipid system provided 83% of calories as Intralipid, which consists of soya bean triglyceride (10 g/100 ml), egg-yolk phospholipids (1.2 g/ 100 ml), and additional glycerol (2.5 g/100 ml) to make it isoosmolar. The FFA content was found to be negligible. The remaining 17% of nonprotein calories in the lipid system was glucose in the hydrolysate preparation. Each system was infused for 1 wk, then alternated with the other system. In three patients the studies were performed on two separate occasions (nos. 3, 4, and 12; Table I ). The order of infusion was randomized: in 13 patients the lipid system was infused before the glucose system, and in 14 patients the glucose system was infused before the lipid system. Nitrogen balance. In all patients 24- 10 ,000 kIU/ml) equal to one-tenth of thie volume of the blood added. The hematocrit was obtained on each sample to allow for correction of the plasma dilution so introduced. Further samples of plasma were obtained with EDTA for triglyceride and cholesterol estimations. For amino acid estimation, blood was deproteinized in cold 20% (wt/vol) trichloroacetic acid (TCA),' reextracted, and the TCA removed with ether as previously described (7, 9) . All samples so obtained were kept on ice and centrifuged with minimal delay in the cold, and the supernates were frozen at -20'C until assay (except for triglycerides and cholesterol, for which the plasma was not frozen). Under the conditions employed, and with aliquots prepared such that a sample was thawed only once before assay, no significant decrease in concentration of these substances occurs in association with storage (11).
Glucose was measured by the glucose oxidase system employed in the Beckman glucose analyzer (Bleckman Instruments, Inc., Palo Alto, Calif.). Microfluorimetric adaptations of standard enzymic methods were used, employing an Aminco Fluoromicrophotometer (American Instrument Company, Division of Travenol Laboratories, Inc., Silver Spring, Md.), for determination of lactate (12) , pyruvate (13), ,9-hydroxybutyrate (14) , acetoacetate (15) , and glycerol (16). Plasma FFA were estimated by the radiochemical microtechnique of Ho (17) . Repeated measurements of FFA in our samples stored for variable periods of time give comparable results, indicating that the techniques used for sampling and storage are unlikely to have caused a spurious elevation of FFA values. In addition, a positive arteriovenous (A-V) difference for FFA was observed across the forearm during the lipid system (unpublished data), suggesting that intravascular lipolysis is a physiological process rather than an artifact of sampling.
Immunoreactive insulin was determined with an anti-beef insulin antiserum (kindly furnished by Dr. Peter Wright, Minneapolis, Minn.), purified human insulin standard (25.7 AU/ng), and 'I-labeled pork insulin (supplied by the Novo Research Institute, Copenhagen, Denmark) and a dextran-coated charcoal separation of free from bound hormone (18) . The plasma determinations of immunoreactive glucagon were performed with antiserum 30K (obtained 1Abbreviations used in this paper: A-V, arteriovenous; SGOT, serum glutamic oxaloacetic transaminase; TCA, trichloroacetic acid. from Dr. R. H. Unger, Dallas, Tex.), purified pork glucagon standard, and 'I-labeled pork glucagon (supplied by Novo Research Institute) and the same dextran-coated charcoal separation technique. This antiserum is considered to be relatively specific for the native hormone of pancreatic alpha-cell origin. However, it does cross-react with a substance in the globulin fraction of plasma (19) , termed "interference factor" by Weir and colleagues (20) and precipitated in organic solvent extractions of plasma. Plasma levels of this material have been shown to be constant previously. For this reason a comparison of glucagon levels using paired differences in the two (glucose and lipid) systems in the same patient is a justifiable way of testing the significance of changes in relation to glucose or lipid infusion. The results of duplicate assay after ethanol extraction of the same sample in several subjects support the validity of this approach.
Statistical analysis of differences. (22) . Values are given as the mean±SEM with n, the number of observations, in following parentheses where necessary.
A-V difference studies. These were performed across forearm muscle; the techniques were as previously modified (23) from those originally described by Zierler (24) . Briefly, a standard catheter (Argyle Medicut, 18 gauge X 5 cm, Sherwood Medical Industries, St. Louis, Mo.) was introduced retrograde into the median antecubital vein and advanced the maximum distance possible into the forearm (usually about 4 cm). A three-way stopcock allowed for either slow infusion of physiologic saline or blood sampling.
A narrow sphygmomanometer cuff was placed around the wrist and the pressure elevated to above arterial level for 7 min to eliminate circulation to the hand. At the end of that period, simultaneous samples were obtained from the deep forearm vein and a contralateral artery (radial or femoral), the latter by a single puncture with a 20 gauge needle. The two studies in the same individual were performed on day 7 of each infusate system, and care was taken that precisely the same deep forearm vein in the same arm was used in these paired studies.
PROTOCOL II In a further group of 12 patients (nos. 1-12, Table II), the 83%o lipid calories infusion ("lipid system," described above) was given for longer periods (10 to 43 days) with a view to determining if such a lipid infusion was clinically effective in meeting the needs of total parenteral nutrition. Again all nutrition was given parenterally and only sips of water were permitted by mouth. In 8 out of the 12 the infusion was given exclusively by peripheral vein. This was accomplished by attaching a Y-connector to the hub of the peripheral venous cannula with the Amigen-dextrose given through one limb and the Intralipid through the second limb of the Y-connector. Both solutions ran continuously throughout the 24-h period. In the remainder suitable peripheral veins were not available because of previous intravenous therapy having caused thrombophlebitis. This regimen, in which the Amigen-dextrose mixture is diluted continuously by the Intralipid, presents the peripheral vein with an osmolality of about 467 mosmol/kg. The regimen provided the equivalent of 1 g/kg ideal body weight per day of protein and 40 kcal/kg ideal body weight per day as nonprotein calories.
In these patients the following variables were observed. (e) Measurement of blood levels of electrolytes, blood urea nitrogen, plasma glucose, cholesterol, and triglycerides -three times a week.
(f) Measurement of hemoglobin, hematocrit, serum osmolality, serum creatinine, bilirubin, serum glutamic oxaloacetic transaminase (SGOT), alkaline phosphatase, calcium, phosphate, and magnesium-twice a week.
(g) Nitrogen balance was performed in seven patients (nos. 2, 3, 5-7, 10, and 12; Table II ).
RESULTS
Protocol I
The values for all variables measured in the 0900 h blood sample on day 7 were found to be representative of those prevailing throughout the 24-h period (data not shown). The degree of change in substrate and hormone levels was independent of the order of infusion, and therefore results from each system were pooled for presentation, irrespective of whether it was in the first or second period.
Substrates. Despite differing rates of glucose administration, blood glucose levels on day 7 ( Fig. 1) were comparable in the glucose and lipid systems, being (mean +SEM) 107.4±8.79 mg/100 ml (n= 11) and 118.3± 5.73 mg/100 ml (n = 10), respectively.
On day 7 of infusion the pyruvate and lactate levels ( Fig. 1) were significantly higher in patients in the glucose system compared with those in the lipid system, being 140.4± 13.4 *M (n = 11 ) and 1,877+245 FM (n = 11), respectively, for the glucose system, compared with 85.5±+12.0 MM (n= 12) respectively, for the lipid system (P < 0.01). At no sampling interval was the lactate/pyruvate ratio different in the two systems. The FFA levels on day 7 in patients in the glucose system (Fig. 2) were about five times less than those in the lipid system, namely, 243.5±43.38 MM (n = 10) and 1,321.69±260.77 MM (n= 11), respectively (P <0.01). The FFA levels in patients in the glucose system were suppressed by comparison with values from this laboratory for normal subjects in the postabsorptive state (545+37 MM [n = 20]), and thus, the values in the lipid system are markedly elevated from this reference point. Concurrent glycerol levels (Fig. 2) were 213.4± 35.49 MM (n = 10) and 330.91±58.68 MM (i = 12) in the glucose and lipid systems, respectively. The difference was not statistically significant.
The levels of both "ketone bodies," acetoacetate and P-hydroxybutyrate, were low (Fig. 3) Hormones. Fig. 4 shows mean insulin levels to be significantly higher during the glucose system on all days in which they were measured (days 1, 3, and 7). The mean day 7 insulin levels were 2.07+0.73 ng/ml (53.2±1.9 AoU/ml) (n = 11) in the glucose system and 0.50+0.08 ng/ml (12.8±2.1 AU/ml) (n = 11) in the lipid system (P < 0.05 on testing of the means). Glucagon levels were significantly higher only when paired differences on days 3 and 7 in the lipid system were tested by the Wilcoxon ranking method (22) . The glucagon levels were 162.0±31.2 pg/ml (n = 9) and 227.1+ 46.7 pg/ml (n = 10) on day 7 of the glucose and lipid systems, respectively.
Nitrogen balance. The results are set out in Fig. 5 and Table III of the system, although isolated periods of negative balance did occur. The nitrogen balance over the 7-day period was significantly higher with glucose compared with lipid (Table III) . However, when examining the time-course during the 7-day period it is evident that the greater retention of nitrogen with the glucose system was only seen during the first 4 days of infusion (Table III) . No significant difference was noted when the last three days (days 5-7) of each system were compared (Table III) . These changes indicated that this gain of nitrogen with the glucose system was a temporary phenomenon, observed only during the first 4 days of infusion. This observation was confirmed in three patients in whom the alternation was repeated twice during the same study. In these patients, nitrogen retention was comparable during the lipid (4.44±0.19 g/24 h) and glucose (3.56±0.12 g/24 h) (P = NS) on days 5-7 (Table IV) .
Amino acid levels. Whole blood individual amino acid concentrations were measured in 16 patients. In eight the order of infusion was glucose followed by lipid and in the other eight it was lipid followed by glucose. During the glucose system, there was a significant elevation in levels of glutamic acid, glutamine, glycine, alanine, valine, leucine, tyrosine, phenylalanine, methionine, lysine, and histidine (Fig. 6) . A corresponding depression occurred during the lipid system. Both changes were independent of the order of infusion. These differences in concentrations were significantly different on day 7 of infusion in each of the two systems. The concentrations of taurine, aspartic acid, serine, arginine, and isoleucine were not significantly different in the two regimens. The most striking rise seen was that in the alanine levels during the infusion of glucose. Of particular note, however, is the increase in levels of the branched-chain amino acids (valine and leucine) during the glucose system, despite the higher insulin levels reported above. A-V difference of amino acid nitrogen. With both systems there was an uptake of amino acid nitrogen by muscle. For five patients whole blood A-V differences (maximum 10 days) without phlebitis or discomfort. The patients did not experience any more discomfort than with standard 5% dextrose infusions unless the Amigen 5%-dextrose 5% solution was infused without lipid. The mixing of the two through a Y-connector was necessary to avoid discomfort. Weight gain. This occurred in all but one patient (Table II) and was significantly correlated with the calories infused (P <0.05) fitting a linear regression equation where the weight gain in kilograms per week =-1.6 + 0.0693 X kilocalories infused daily per kilogram of desirable body weight. This relationship gave an average weight gain of 0.36 kg/day when total caloric input was 60 kcals/kg per day.
Laboratory data. Blood urea nitrogen, serum electrolytes, Ca, Mg, and POW levels were maintained within normal limits. The one patient with brittle diabetes (no. 6) had previously received total parenteral nutrition with hypertonic glucose and was twice recorded as being hyperosmolar due to difficulty in controlling glycemia, even with large amounts of insulin. Using the lipid system, we obtained healing of fistula and weight gain without requiring exogenous insulin.
Plasma triglyceride and cholesterol levels. After lipid administration in the 12 patients, triglyceride levels were only moderately elevated, being 127.1±11.6 and 198.7± 22.8 mg/100 ml before and after infusion (P < 0.005), respectively. Corresponding cholesterol levels showed consistent elevation, being 133.5±13.7 before and 422.6± 47.7 mg/100 ml after infusion. These results are similar to those seen with protocol I. In studies published elsewhere (25) it has been shown that these changes are temporary and return to normal within 2 wk of discontinuing infusion.
The changes in liver function tests were not consistent (Table V) . One patient with a high SGOT level (no. 12) initially showed a fall in level during infusion while some others showed a mild rise in SGOT to below 60 IU. Alkaline phosphatase fell in two patients with initial high levels (nos. 7 and 11) and rose in three others (nos. 4, 6, and 12). Serum bilirubin level fell in three patients (nos. 7, 9, and 12) in whom it was abnormal initially. The serum albumin rose in eight out of nine patients (nos. 1, 2, 3, and 6-10) in whom it was below 3.5 g (normal serum albumin in our laboratory is 3.5-S g/100 ml), showing that plasma protein synthesis was improved in this system of intravenously administered nutrition.
Nitrogen balance. Nitrogen balance was measured in 7 of the 12 patients in protocol II and the average of the means for each patient (measured over the whole period of infusion) was 2.22+0.54 g/24 h, which is comparable to the values observed wtih protocol I. DISCUSSION The present study was designed to provide metabolic data relevant both to the clinical problems of parenteral nutrition with lipid and to the determination of the hormone-substrate milieu that was associated with nitrogen retention in this lipid system (and hence with tissue repair and protein synthesis), when compared with that found in the glucose system. Furthermore in a group of patients (protocol II) studied clinically for longer periods (10-43 days), the lipid system when infused through a peripheral vein provided total parenteral nu-132 trition with beneficial clinical results comparable to those seen with the use of hypertonic glucose (2, 3) . In no instance did the plasma values of lipids and lipoproteins observed preclude continuance of such therapy (25, 26) . This is consistent with the excellent clinical results observed previously (4, 6, 8, (27) (28) (29) . Thus, the lipid system's clinical advantages of having acceptable osmolality, permitting peripheral venous infusion, must be considered as a therapeutic feature in any comparison of lipid and glucose systems.
Metabolic studies during administration of total parental nutrition using hypertonic glucose have shown positive nitrogen balance and positive elemental balances of potassium and phosphorous, indicating anabolism of muscle (30) , when glucose in amounts of 15 g/kg of ideal body weight (60 kcal/kg) and the nitrogen equivalent of 2.4 g of amino acid/kg were infused. The rationale behind hypertonic glucose administration finds its historic roots in the studies of Gamble (1), who showed that within narrow hypocaloric limits (in reference to optimal caloric needs of healthy subjects), increasing the intake of glucose increased protein sparing. However, he noted the apparent paradox of the failure of added protein to achieve better nitrogen conservation than glucose alone. Hinton et al. (31) have suggested that infusion of hypertonic parenteral glucose calories with insulin can further curtail protein loss in patients with burns. The mechanism in this instance is presumed to be related to the achievement of greater concentrations of insulin in the plasma.
On the other hand, high insulin levels may not result in protein sparing under some circumstances. A recently developed concept based on some experimental data considers lower insulin levels to be desirable for optimal nitrogen retention when total caloric needs are not provided (32, 33) . The reasoning behind this concept is that any moderate elevation of insulin above basal postabsorptive levels will inhibit mobilization of FFA from adipose tissue and thereby necessitate the mobilization of protein (requiring still higher levels of insulin for inhibition) to assure that the total energy needs are met (34) . While low insulin levels are necessary to induce a positive nitrogen balance when endogenous calories are used, this system, to induce positive nitrogen balance (35) , appears to require 1.5-1.7 g/kg per day of amino acid, which is higher than that required by the hypercaloric system (9) .
The present study shows that positive nitrogen balance can be achieved in seriously ill patients with nonprotein calories given mainly as lipid, when the supplies of amino acids (1 g/kg) and total calories are comparable to (6) or lower than (30) those used with a system providing glucose as the dominant, or entire, source of nonprotein calories. Furthermore, such nitrogen retention occurs when insulin levels are as low as those seen in systems using endogenous calories (32, 33) and almost twice the amount of amino acids (35) . Although the circulating levels of energy substrates and important regulatory hormones during infusion of lipid as the chief source of nonprotein calories differed markedly from those observed during glucose infusion, the nitrogen balance and uptake of amino acids by muscle appeared comparable irrespective of the major source of nonprotein calories.
During the glucose system, increased concentrations of plasma insulin and decreased concentrations of plasma glucagon were observed together with low levels of ketone bodies and FFA, but increased levels of pyruvate, lactate, and alanine in the plasma. These findings suggest that in this system glucose is being used as the principal source of energy, even though blood glucose levels are not increased. By contrast, during the lipid system there was a rise in the plasma concentrations of FFA and ketone bodies together with a fall in those of insulin, pyruvate, lactate, and alanine. While precise metabolic evidence for the relative utilization of lipid and glucose as chief sources of energy is not available, the significant rise in values for FFA and ketone bodies in association with low insulin levels, during the infusion of lipid, may suggest that these fatty acids and ketones are being used for fuel.
Nitrogen balance and A-V difference of amino acids in relation to energy source. The nitrogen balance during these two very diverse metabolic situations is of interest. Changing the source of nonprotein calories resulted in a temporary alteration in this balance during the first 4 days of each infusion. The alteration seen was a fall in nitrogen retention when the glucose regimen was changed to the lipid one and a rise when the change of system was in the reverse order. However, on the last 3 days of each infusion the nitrogen balance with the two systems was equivalent. Similar temporary changes in nitrogen retention has also been observed by others when dietary carbohydrate was replaced by fat (36) . The isocaloric replacement of dietary carbohydrate with fat in that study resulted in a temporary increase in nitrogen excretion followed by a decrease to equilibrium levels. Consistent with equivalent nitrogen retention during our two systems, there was comparable uptake of amino acid nitrogen across forearm muscle, suggesting that lipid may promote anabolism of muscle to the same extent as glucose. It is clear, therefore, that any data comparing nitrogen balance in a cross-over study such as ours must take into account a period of equilibration. In this study such a time period appears to cover 4 days. Once this has been achieved, nitrogen balance becomes equivalent in the two systems. That comparable nitrogen balance can be maintained in the lipid system for longer periods of time was also demonstrated (protocol II).
Insulin concentration and nitrogen retention. Although the overall nitrogen balances observed with the two systems are equivalent with very different mean levels of insulin, there is a significant negative correlation observed in the lipid system between nitrogen excretion and insulin levels, but only at the lower levels of insulin.
In Fig. 7 nitrogen excretion is shown as a percent of the amount administered, and the data included those for all days of the lipid system for which paired values are available. In the lipid system lower insulin values were observed and a significant negative correlation (P <0.01) was found on comparing the nitrogen excreted with levels of insulin when these were modest, i.e., 0.1-0.5 ng/ml (2.6-12.8 /AU/ml). However, in the glucose system the value of insulin exceeded 0.5 ng/ml and did not correlate with nitrogen retention. These results do suggest that a lipid system is worthy of a controlled trial in patients known to be, or suspected of being, incapable of generating or sustaining elevated insulin levels (as illustrated in one patient-no. 6, Table  II ). Among such patients are diabetics and those with injury and burns (37) who may require total parenteral nutrition.
Effects of substrate on nitrogen retention. In patients in the lipid system, with insulin levels at or above 0.5 ng/ml (12.8 uU/ml), there was a significant negative correlation between nitrogen excretion as a percentage of the amount infused with plasma FFA levels (Fig. 8) .
Such a correlation did not exist for values of immunoreactive insulin below 0.5 ng/ml. Considering only those patients in the lipid system who had plasma insulin levels at or exceeding the apparently critical value of 0.5 ng/ml, the negative correlation between FFA levels and nitrogen retention indicates that when this critical hormone requirement has been met, greater availability of lipid substrate improved nitrogen balance, showing a protein-sparing effect of lipid (once this certain low concentration of insulin has been achieved).
Amino acid levels in relation to energy source. The elevation in amino acids during glucose infusion (and depression during lipid infusion) is of interest and shows that under these conditions of continuous amino acid and calorie input (in excess of basal requirements) the changes in amino acid levels are in contrast with those found in the postabsorptive state following oral glucose intake. The reasons for these changes are likely to be complex. However, the increase in blood amino acid levels during the infusion of the glucose must indicate an increase in the input of amino acids or a decrease in their removal from the circulation. Increase in input cannot be from exogenous sources for the patient received a constant infusion. It is unlikely to be from endogenous sources, since an increase in amino acids from this source would involve increased protein catabolism-not likely with an equivalent (or even a temporary improvement in) nitrogen retention being observed at the same time.
Furthermore, if the rise in blood amino acids during the glucose system were due to increased release from endogenous sources, then a greater output of amino acid from muscle would be expected during the glucose system (increased negative A-V difference) in an A-V dif- 134 Jeejeebhoy, Anderson, Nakhooda, Greenberg, Sanderson, and Marliss 150r 1 ference study. It is clear that the observed A-V difference of blood amino acid nitrogen is not consistent with an increased output from muscle during the glucose system for the A-V difference was positive with both systems.
Another possible cause of increased amino acids during the glucose system is a reduction in net hepatic catabolism of amino acids. This hypothesis is supported by the results of Ruderman and Herrera (38) , who showed that amino acid catabolism and urea production were diminished in the isolated perfused liver by increasing glucose in the perfusing medium. Some increase in catabolism of amino acids would be related to the need for obligatory gluconeogenesis during lipid infusion. With the lipid system the total amount of glucose or glucogenic substrate infused, as 5% glucose and glycerol in Intralipid, would not meet the requirements (180 g of glucose per day) for the metabolism of nerve and other glycolytic tissues in the unadapted man (39) , and hence, infused amino acids would be used for gluconeogenesis, contributing to the fall in levels observed with the lipid system.
Clinical tolerance and triglyceride and cholesterol levels during infusion of Intralipid. While the above results show that exogenous lipid spares protein, it is necessary to determine if this desirable metabolic feature is associated with clinical tolerance and lack of toxicity. Clinically, Intralipid has been infused without significant reactions in many centers (4, 5, 8, (27) (28) (29) and in none of our patients did the degree of ketosis result in clinically significant acidosis. The serum triglyceride concentrations were seen to increase significantly over preinfusion values but to muoh the same degree in both glucose and lipid systems (protocol I). More prolonged infusion of Intralipid (protocol II) did not further increase triglyceride levels. Plasma concentrations of cholesterol also increased significantly above preinfusion values with both systems but to a greater extent in the lipid system (protocol I). Again, although more prolonged infusion of Intralipid (protocol II) did cause a slight further increase, this last was not statistically significant (P > 0.10). In any case, the increase in plasma cholesterol was temporary (25) , regressing within 2 wk of discontinuing infusion, and was not associated with any untoward side effects. On the other side of the picture, lipid infusions have been found to be necessary to avoid essential fatty acid deficiency (26, 40, 41) and development of fatty liver (26, 42, 43) , a recognized complication of the glucose system. Furthermore in patients receiving intravenous feeding at home (now observed for up to 5 yr) (26, 42, 43) no untoward reaction to Intralipid has been noted with daily infusions given over several years.
In conclusion, since lipid calories induce weight gain, nitrogen retention, and amino acid uptake by muscle, comparable with those seen with glucose in seriously sick patients, the finding that nitrogen retention during lipid infusion occurs with lower insulin levels would suggest that lipid as a source of nonprotein calories should be studied further in septic and burned patients who exhibit a catabolic milieu where insulin levels are low and/or insulin resistance is present.
